Background: Racial and ethnic differences in disability persist and are possibly widening in recent years, but evidence is limited for racial and ethnic differences in disability progression through the entire disablement process and potential influential factors. The objective of this study is to examine racial and ethnic differences in patterns of late-life disability transitions, using a new disability spectrum that incorporates successful accommodation with assistive devices in response to capacity limitations to prolong independence. Methods: The study cohort consisted of a nationally representative sample of Medicare beneficiaries aged 65 and older in the United States who were enrolled in the 2011 National Health and Aging Trends Study and followed up annually until 2015 (n = 6,198). First-order Markov transition models were used to determine racial/ethnic differences in transitions among three stages of self-care and mobility limitations (fully able, successful accommodation, difficulty/assistance) and death. Results: After adjustment for age and sex, non-Hispanic Black and Hispanic respondents had higher probabilities of unfavorable transitions and lower probabilities of remaining in the successful accommodation stage than non-Hispanic White respondents. The racial and ethnic differences in probabilities of maintaining successful accommodation remained statistically significant after adjustment for socioeconomic and health factors (Black: 0.56, 95% CI = 0.52-0.60; Hispanic: 0.53, 95% CI = 0.44-0.61; White: 0.63, 95% CI = 0.61-0.65). Conclusions: Successful accommodation with assistive devices may provide possibilities for implementing interventions to enhance older adults' capacities and reducing racial/ethnic differences in late-life disability.
In the context of population aging, achieving health equity is of particular importance for the racially and ethnically diversifying older adult population in the United State. Despite the increase in longevity over the past decades, racial and ethnic gaps in late-life health persist (1, 2) . Inequalities arising from social factors and health care over the life course manifest as disparities in a variety of medical conditions and functional limitations in late life (3) (4) (5) . As a result, racial/ethnic minorities tend to be at increased risk of disability at older ages compared with non-Hispanic White adults (6) .
Racial/ethnic differences in late-life disability warrant continued research. Overall levels of late-life disability have declined since the 1980s (7) . Nevertheless, racial/ethnic differences in years lived without disability appear to have widened since the early 1980s, in part because older minorities continue to experience onset of disability at younger ages than Whites (1) . Other evidence suggests important racial/ethnic differences in the rate of progression of disability after onset. Findings from the Health and Retirement Study indicate that compared with older White adults, Blacks and Hispanics have higher risks of progressing from mild to severe disability (8) and experience more adverse disability trajectories (9) .
Previous studies of racial/ethnic differences in disability have focused primarily on measures of difficulties or dependence in activities of daily living (6, 8, 9) . However, it is increasingly recognized that these measures do not adequately capture the variety of approaches individuals may adopt in response to changes in capacity, such as ability modification (10) (11) (12) . Recent developments in the conceptualization and measurement of the disablement process allow a more nuanced examination of behavioral adaptations to disability progression, particularly accommodation with assistive devices (10, 13) . Use of devices to accommodate declines in physical capacity may not only substitute for personal assistance to prolong independence (14) (15) (16) , but also affect the recognition and reporting of disability (11, 17) . There may be important racial/ethnic differences in access to or use of advanced assistive devices, as they depend on factors like breadth of insurance coverage, availability of financial resources, and personal preferences (18, 19) . However, there is very little systematic information on how the use of assistive devices in early stages of disability affects racial/ethnic differences in progression to more severe stages of disability (20) (21) (22) .
Our overall objective is to examine racial/ethnic differences in disability transitions across the entire spectrum of the disablement process in a nationally representative sample of older adults from the National Health and Aging Trends Study (NHATS), with a specific focus on the role of successful accommodation with assistive devices in this process. We also investigate potential determinants that may account for observed racial/ethnic differences in disability transitions.
Methods

Study Population
Data were obtained from the NHATS, a national panel survey designed to study trends and trajectories in late-life disability in the United States (23) . Annual in-person interviews were conducted in a nationally representative sample of Medicare beneficiaries aged 65 and older, with oversamples at older ages and of Black enrollees. Proxy interviews were conducted in approximately 6%-7% of cases when sample persons were unable to respond for themselves. A last month of life interview was conducted with an informant following a sample person's death. Details of the study design have been described elsewhere (23) .
The present study is based on the 2011-2015 rounds of the NHATS. The study sample consisted of 6,198 non-nursing home respondents who (1) were enrolled at the 2011 NHATS (baseline) (2); reported their primary race/ethnicity to be non-Hispanic White, non-Hispanic Black, or Hispanic (hereafter White, Black, or Hispanic); and (3) had completed at least two consecutive core interviews.
Measures
Disability stages
Disability measures were derived from questions about help received, use of assistive devices and difficulties in performing self-care activities (eating, bathing, toileting, and dressing) and mobility (going outside, getting around inside, and getting out of bed) in the last month prior to the interview (Supplementary Table S1 ). Four mutually exclusive categories were generated for each activity: (a) fully able: a respondent had no difficulties in performing activities without device use or personal assistance; (b) successful accommodation: a respondent had no difficulties in performing certain activity with device use but without personal assistance; (c) difficulty: a respondent had difficulties in performing certain activity (with devices, if used, but without personal assistance); and (d) assistance: a respondent received personal assistance to perform activities, or reported the activity was not done. Difficulty and assistance were combined due to the small numbers in these two groups. A summary measure for disability stages was then created based on the lowest level across the seven activities (10, 24) .
We defined the interview round from which a transition occurred as the previous round, and the interview round to which a transition was made as the current round. For respondents with multiple disability transitions during the 4 year study period, the current round of one transition is the previous round of the next transition. Disability stages at current round included fully able, successful accommodation, difficulty/assistance, and death. Because death is an absorbing state, the disability stages at previous round were fully able, successful accommodation and difficulty/assistance.
Race and ethnicity
Race and ethnicity were ascertained from respondents or proxy informants using the following questions: "What race do you (does the sample person) consider yourself (himself/herself) to be: White, Black or African American, American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander, or something else?" and "Do you (does the sample person) consider yourself (himself/herself) Hispanic or Latino?" Respondents who chose multiple races were further asked to identify their primary race. In the present study, the derived primary race/ethnicity variable was used. Respondents with races other than White and Black were excluded due to the small numbers. The race/ethnicity categories therefore included White, Black, and Hispanic.
Covariates
Sociodemographic characteristics include age at baseline (65-69, 70-74, 75-79, 80-84, 85 and above), sex (male, female), educational attainment (below high school, high school, above high school but below bachelor, bachelor and above), annual total income at the previous round, and living arrangement at the previous round. For 17 respondents who either refused to report educational attainment or did not know, high school, the most common category, was assigned. Total income at the previous round was based on self-report and the NHATS imputation from the 2011, 2013 and 2015 rounds of the NHATS (25) (26) (27) . Because data were not collected at the 2012 and 2014 rounds, values of the 2011 and 2013 rounds were used for the 2012 and 2014 rounds, respectively. A respondent's income category at a certain round was classified by weighted quartiles of total income at baseline (below or equal to the 25th percentile, above the 25th percentile but below or equal to the 50th percentile, above the 50th percentile but below or equal to the 75th percentile, above the 75th percentile). Living arrangement at the previous round was derived from a series of questions about whom the respondent lived with and their relationships. Respondents were classified into four groups, including living alone, living with spouse or partner only, living with spouse/partner and others, and living with others only. For 25 respondents who had missing values for living arrangement at baseline, information on living arrangements from the next round was used instead.
Health factors at the previous round included number of medical conditions (none or one, two, three, four and above) and cognitive impairment (no dementia, possible dementia, probable dementia). Medical conditions included heart disease, hypertension, arthritis, osteoporosis, diabetes, lung disease, stroke, and cancer. Respondents self-reported whether a doctor ever told that he or she had any of the conditions. Cognitive function was assessed using a battery of cognitive tests for nonproxy respondents (memory, orientation, and executive function), and the AD8 Dementia Screening Interview for proxy informants (28) . The three-category dementia classification was generated using a previously described approach (29) . The percentage of missing data ranged between 1.7% and 2.6% across the five rounds, and the last observations were carried forward to replace missing values.
Statistical Analysis
We compared baseline sample characteristics across racial and ethnic groups using chi-squared tests. We pooled disability transitions during the 4 year study period in the study sample, and calculated the frequencies and weighted percentages of disability transitions.
To examine racial/ethnic differences in disability transitions, we modeled disability transition probabilities as a function of previous round disability stage, race/ethnicity, and covariates. We used firstorder Markov transition models, which assume that the conditional distribution of disability stage at the current round depends on disability stage at the previous round (30) 
is the probability of being in a particular disability stage at the current round given the disability stage at the previous round. We fitted the transition models using PROC SURVEYLOGISTIC for multinomial logistic regression with the analytic weights for the current round Y ij provided by the NHATS in order to incorporate sampling design of the study. Correlation of repeated measures was accounted for by the CLUSTER statement.
We estimated three sequential models: a base model adjusting for age and sex; an intermediate model adjusting for age, sex, and socioeconomic factors (educational attainment, total income, and living arrangement); and a fully adjusted model with additional control for health factors (number of medical conditions and cognitive impairment). To test for racial/ethnic differences in disability transition probabilities, we added interactions between race/ethnicity and previous disability stage to the models, and generated conditional predicted probabilities and 95% confidence intervals by specifying each combination of race/ethnicity and disability stages at the previous round and setting each covariate to its weighted mean value. In the absence of a formal statistical test of estimated individual transition probabilities, we used the nonoverlap of confidence intervals of these probabilities as a conservative evaluation of significant group differences in transitions (31) .
All analyses were conducted using statistical software SAS Version 9.4 (SAS Institute, Cary, NC) and Stata Version 14.2 (Stata Corp, College Station, TX). All significance tests were evaluated at the level of p < .05. Table 1 presents sample sizes and weighted baseline characteristics for the analytic sample. Of the 6,198 respondents included in the present study, 4,441 were White, 1,381 were Black, and 376 were
Results
Sample Characteristics at Baseline
Hispanic. Approximately half (52.2%) were aged between 65 and 75, 56.5 per cent were female, and 51.7 per cent had educational attainment above high school, and 31.2 per cent lived alone at baseline. In terms of baseline health, approximately half (44.9%) had more than two medical conditions, and one-fifth were classified as having probable dementia (9.6%) or possible dementia (10.2%). With respect to capacities for self-care activities and mobility at baseline, 33.5 per cent were fully able, 28.8 per cent successfully accommodated with devices, and 37.7 per cent had difficulties or needed personal assistance.
Compared with White respondents, Black and Hispanic respondents had lower educational attainment; were less likely to live with a spouse or partner only; and were more likely to have possible or probable dementia, and to report difficulties or need personal assistance in self-care activities and mobility at baseline (all p ≤ .001) ( Table 1) .
Annual Disability Transitions
There were a total of 19,177 transitions from the 6,198 respondents during the 4 year study period. The weighted, unadjusted frequencies for transitions between each of the three stages of disability and death for each of the three groups are shown in Supplementary  Table S2 . The overall pattern suggests that Black and Hispanic respondents tend to progress more rapidly from being fully able to developing difficulty in or needing assistance with self-care activities and mobility compared with Whites, and are less likely to use successful accommodation in the progression.
Results from the age-and sex-adjusted and fully-adjusted multinomial logistic regression models are presented in Supplementary Table S3. Based on these models, we generated predicted transition probabilities for each racial/ethnic group. After adjustment for age and sex, Blacks and Hispanics tended to have higher predicted probabilities of unfavorable transitions from each of disability stage at the previous round (Table 2) . Specifically, Black and Hispanic respondents were as follows: (a) more likely to transition directly from being fully able to having difficulties or needing personal assistance [Black: 0.20, 95% Confidence Interval (CI) = 0.17-0.23; Hispanic: 0.21, 95% CI = 0.15-0.27; White: 0.14, 95% CI = 0.12-0.15], (b) less likely to maintain successful accommodation (Black: 0.53, 95% CI = 0.50-0.57; Hispanic: 0.50, 95% CI = 0.41-0.58; White: 0.64, 95% CI = 0.63-0.66), and (c) less likely to transition back to successful accommodation once having difficulties or needing personal assistance (Black: 0.14, 95% CI = 0.12-0.16; Hispanic: 0.13, 95% CI = 0.10-0.17; White: 0.18, 95% CI = 0.17-0.19). These predicted transition probabilities are in line with the crude transition frequencies, confirming a pattern that older minorities tend to transition more rapidly from a fully able state to difficulty/assistance in self-care activities and mobility, and are less likely to transition to or remain in a state of successful accommodation. In absolute probabilities, this pattern also appeared somewhat stronger in Hispanic than Black respondents.
The racial/ethnic differences in transitions to or from the state of difficulty/assistance were mostly reduced to nonsignificant levels after adjustment for socioeconomic factors (Supplementary Table S4 ) and further attenuated after additional adjustment for health factors (Table 3) . However, older minorities remained less likely to maintain successful accommodation even after adjustment for socioeconomic and health factors (Black: 0.56, 95% CI = 0.52-0.60; Hispanic: 0.53, 95% CI = 0.44-0.61; White: 0.63, 95% CI = 0.61-0.65) ( Table 3) .
Discussion
This study examined racial/ethnic differences in disability transitions across a spectrum of disability stages that incorporates accommodation with assistive devices, using data from a nationally representative sample of Medicare beneficiaries. We found that minority respondents had higher probabilities of unfavorable transitions and lower probabilities of remaining in the stage of successful accommodation than White respondents. The racial/ethnic differences were partially explained by socioeconomic and health factors.
Our finding that minorities were more likely to transition to and remain in unfavorable disability stages than White adults is consistent with previous work. Cross-sectional findings from the NHATS indicate that higher percentages of Black and Hispanic respondents receive personal assistance rather than accommodate with assistive devices, compared with White respondents (10) . Data from the first two rounds of the NHATS also suggest racial and ethnic differences in incident and persistent successful accommodation, although the differences in short-term transitions were largely accounted for by health, demographic, socioeconomic, and environment-related factors (13) . Analysis of the Women's Health and Aging Study also shows that older Black women had higher risks of progressing from high-functioning or preclinically disability to having difficulties in walking (32) . Preclinical disability was defined as having behavioral or task modification but no disability (32) , which is in parallel with the stage of successful accommodation in our study. We also found significant racial/ethnic differences in successful accommodation with assistive devices after adjustment for socioeconomic and health factors. Device use is a type of ability modification that reflects older adults' behavioral response to functional decline. The relationship between race/ethnicity and use of assistive devices is complex and is often intertwined with decisions about personal assistance (18) . Prior cross-sectional studies have suggested that minorities are more likely to use devices for mobility disabilities, particularly canes which are more affordable and accessible than advanced assistive technologies, and more likely to combine device use with informal care (18, 19) . One longitudinal study of racial/ethnic variation in discontinuation of mobility device use found no differences (20) . Our approach differs conceptually from past literature in that we consider changes in use of devices but also whether there is residual difficulty given device use. The latter may depend on not only the type of device but the nature of the underlying impairment. We did not explore in this analysis whether minority groups had different underlying impairments, used assistive devices disproportionate to their underlying needs, or experienced less effective device use relative to more advantaged groups. Distinctions along these lines may be a fruitful area for further research.
Our results showed that the observed racial/ethnic patterns of disability transitions were partially explained by socioeconomic and health characteristics, which may reflect that minority groups have more substantial health needs in late life but insufficient resources to address their health needs. Minorities in the United States are overrepresented in lower socioeconomic strata (33) . Low socioeconomic status substantially influences health outcomes over the life course through health behaviors, physical/social environments, and health care (34) . Initial evidence suggests that use of assistive devices may be facilitated by better insurance coverage and greater economic resources (19) , which may favor Whites older adults who, on average, tend to have considerably more of these resources than do minority elders. Although all respondents were Medicare beneficiaries, variations may still exist. Take mobility devices as an example. More complex and expensive devices such as wheelchairs and scooters require face-to-face examinations and written prescriptions from doctor visits. Lack of contact with medical system or poor quality of contact may decrease the probability of device use (19) . Moreover, assistive devices may not be sufficient to meet health needs when diseases progress rapidly or conditions are not well under control, which are more common among minority elderly than White older adults. Although the racial/ethnic differences in transitions from being fully able or successful accommodation were partially attenuated in terms of statistical significance, the overall patterns remained. There may be residual factors that affect these transitions. For instance, given the cultural construct of race/ethnicity, differences in social or cultural norms may influence the acceptability and preference of assistive devices versus personal assistance (35) , for which information is not available in the present study.
Our study has several limitations. First, we are limited to examining changes in disability status on an annual basis; although this time frame is more frequent than other national studies, our analysis is unable to take into account any additional intrainterval transitions that may have occurred. Second, the sample size for the Hispanic group is relatively small, which may have limited the power to detect statistically significant differences in disability transitions for this group. Moreover, it has also limited our ability to investigate the heterogeneity within the Hispanic group. Third, the four-year follow-up period may not be long enough to capture the natural history of the disablement process from being fully able to death. Fourth, our modeling approach assumes that transitions are not dependent on prior experience or on the duration in the current state. Fifth, there may be residual confounding, such as respondents' unobserved preferences for device use versus personal assistance. Other accommodating approaches used to maintain independence may also exist and differ across racial/ethnic groups.
Our study provides evidence for racial/ethnic differences in disability progression and use of assistive devices, and identifies minorities as disadvantaged populations in terms of maintaining independence. It also highlights an early stage in the disablement process where accommodation with assistive devices may play a role in postponing disability. Effective interventions are needed to target minority elderly groups in order to enhance their capacities and close the gap in disability between racial/ethnic groups.
Supplementary Material
Supplementary data is available at The Journals of Gerontology, Series A: Biological Sciences and Medical Sciences online.
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